Objectives: To assess the utility of the dorsal tangential view (DTV) in detecting intraoperative dorsal screw penetration in distal radius fractures treated with volar locked plating.
INTRODUCTION
Volar locked plating risks flexor tendon rupture because of prominence of the plate and extensor tendon rupture due to excessively long distal screws. 1 Ruptures of extensor tendons have been reported in as high as 8.6% of patients. Prominent screws and injury during drilling are hypothesized to be the cause of extensor tendon rupture when these wounds are reexplored during tendon transfer. 2, 3 The dorsal tangential view (DTV) is a fluoroscopic intraoperative image used to check the distal locking screw lengths in modern volar locked plates (Figs. 1-3 ). Analogous to an axial view on computed tomography (CT), it allows one to visualize the dorsal topography of the distal radius to estimate dorsal screw penetration in select dorsal compartments. 4 Cadaveric and synthetic bone models have examined the accuracy of the DTV. 5 No clinical data comparing the DTV to CT in an in vivo model was found at the time of our study. This study was performed to compare the DTV to CT in a clinical model where the dorsal cortex would be naturally disrupted because of trauma.
METHODS
Recognizing complications of prominent dorsal hardware in volar locked plating, our institution set out a protocol to attempt to reduce the incidence of long distal locking screws. We began by implementing the DTV into routine intraoperative fluoroscopy. Postoperative CT was obtained to identify prominent hardware not detected by intraoperative fluoroscopy. The additional radiation of a CT wrist was estimated at 0.03 mSv, 176 times less radiation than a chest CT in similar patients with similar body mass index, and approximately 50 times less than plain radiographs of the spine. 6 After obtaining IRB permission, we retrospectively evaluated patients who sustained a distal radius fracture and had surgical stabilization at our institution from October 2, 2013 until October 19, 2014. We included patients where open reduction internal fixation with volar locked plating was the definitive treatment. We excluded patients who underwent spanning external fixation and those who underwent multiple staged treatment where volar locked plating was not the definitive fixation method.
Fractures were treated with the standard flexor carpi radialis approach and volar locked plating. We routinely took standard fluoroscopic views (posterior anterior view, lateral view, tilted lateral view) using a 12-inch c-arm image intensifier and recorded which screws were found to be prominent, their length, and exchanged these screws until they were underneath the depth of the dorsal cortex. We then performed the DTV view and exchanged additional screws if needed. A CT was obtained postoperatively. This study was used to detect prominent screws, defined as those screws protruding equal to or greater than 1 millimeter (1 mm) from the dorsal cortex of the radius. This identified those screws not detected by both standard fluoroscopy and the DTV. We calculated the sensitivity and negative predictive value of the DTV in detecting prominent screws not identified by traditional fluoroscopic imaging compared with CT.
A total of 30 distal radius fractures in 26 individuals were collected with 4 patients sustaining bilateral wrist fractures. A total of 175 screws were assessed. Of the patients collected, 12 were men and 14 were women with an average age of 53 years (range, 20-86 years). Nine fractures resulted from a low-energy fall, whereas 7 resulted from high-energy falls. One fracture occurred in a pedestrian hit by an automobile and the remaining 9 fractures resulted from either motorcycle or motor vehicle collisions. According to the AO/ Orthopaedic Trauma Association classification system, there were types A(9), B(7), and C(14). 7 
RESULTS
Standard fluoroscopic views detected prominent screws in 3 of the 175 screws (1.71%) placed of the 30 fractures (10.0%), and these screws were exchanged for shorter screws during surgery. Eight additional fractures (26.7%) were found to have 10 prominent screws (5.71%) on the DTV that were not seen with standard imaging and 9 of these screws were also exchanged for shorter screws. One screw was not exchanged because its prominence was determined as clinically insignificant by the surgeon (Figs. 2 and 3 ). Examination of postoperative CT showed that 5 of the 175 screws (2.86%) in 5 of the 30 (16.7%) fractures were found to have prominent screws of 1 mm or greater (range, 1.20-2.24 mm) not detected by the standard fluoroscopic views or DTV. Of the 5 screws the DTV failed to detect, 4 (80%) were in the second dorsal compartment. None were in the third dorsal compartment or intraarticular ( Table 1) .
The DTV was 66.7% sensitive with a negative predictive value of 97.0% in detecting dorsal screw penetration in any dorsal compartment. It was 100% sensitive in detecting prominent screws in the third dorsal compartment, whereas only 50.0% and 60.0% sensitive in detecting prominent screws in the fourth and second dorsal compartments, respectively.
DISCUSSION
The DTV provides unique information about dorsal screw penetration often missed in traditional intraoperative fluoroscopic imaging of distal radius fractures. More than 1 of 4 constructs in our study would have left the operating room with prominent hardware possibly leading to extensor tendon irritation and rupture if the DTV had not been taken. The DTV was most sensitive to screw penetration in the third dorsal compartment. It was least accurate in detecting screws in the second dorsal compartment.
The data collected in this in vivo study model compares to cadaveric studies and sawbone models previously published. The sensitivity of the DTV was 67% in detecting dorsal screw penetration greater than 2 mm in a sawbone model. 8, 9 Dorsal cortices of cadaveric distal radii were penetrated in the second through fourth dorsal compartments at 0, 1, and 2 mm in the setting of volar locked plating. The sensitivity of the DTV was 35% in detecting screw prominence of 1 mm in the second dorsal compartment. The sensitivity slightly increased to 39%, then 48% at 2 and 3 mm of screw prominence providing further evidence of the view's limitation in detecting screw prominence in the second dorsal compartment. The authors recommended oblique views to detect screws in the second and fourth compartments. 5, 10, 11 Clinical studies are also comparable. The DTV led to screw exchange for shorter screws in 27% of patients in 1 clinical study. The DTV was least effective in detecting prominent screws in the second dorsal compartment. However, CT was not used to detect residual prominent hardware in this study. 12 Most recently, one study comparing the DTV to CT in terms of measuring the distance from screw tip to dorsal radial cortex in an in vivo model found good correlation between respective measurements. 13 Other techniques to reduce extensor tendon irritation are using pegs rather than screws and intentionally placing unicortical screws.
14 Biomechanical data suggest locking screw constructs are stiffer than peg constructs with repeat loading. 15 In the osteoporotic distal radius, unicortical fixation with locking screws of at least 75% of the length of a bicortical locking screw produced construct stiffness similar to that of bicortical fixation; however, it is still questionable in the clinical setting if operative management is beneficial in older individuals. [16] [17] [18] [19] In addition, locked constructs show similar load to failure than unlocked plating, whereas volar locked plating is superior in stiffness to T-plating. 20, 21 Intentionally placing slightly shorter screws than measured may decrease hardware irritation without sacrificing construct stiffness. 16 In regard to flexor tendon irritation, repair of the pronator quadratus has not been found to be beneficial, whereas minimally invasive plating techniques show no difference in functional outcome at long-term follow-up. 22, 23 An alternative fixation method such as external fixation with or without Kirschner wire fixation is a viable surgical option with similar outcomes compared with volar locked plating. 24 There are inherent limitations to this study. The assumption that greater than 1 mm of dorsal screw penetration is clinically significant is yet to be proven; however, recent cadaveric data suggest that at 2 mm of dorsal screw protrusion, extensor tendon involvement is observed. 25 It is assumed that CT is the gold standard in determining hardware positioning in a human subject. To calculate sensitivity, this study assumes that all screws detected by the DTV were in fact prominent. This assumption is based on 2 facts that in previously published cadaveric and sawbone data where there were no reported false positives in regard to the DTV and the overall convex shape of the distal radius, where prominent hardware seen on imaging is to be considered prominent as per the principles of fluoroscopy. 26 Prominent screws detected by the DTV were found after traditional fluoroscopic views were taken, thus the calculated sensitivity of the DTV is limited to its ability to detect prominent screws not identified by traditional fluoroscopic methods. Oblique films were not included in this study as their use is not necessarily routine at our institution or nearby community practices. Finally, a randomized study where one performed standard imaging versus standard imaging plus DTV would be the next step in determining whether the DTV should be the standard of care in perioperative imaging during distal radius fracture fixation to presumably decrease complication rates.
In conclusion, the DTV is an economic adjunct to standard fluoroscopic imaging to ensure proper screw lengths. In the 3 column model of the distal radius where the radius is divided into the ulnar, central, and radial column, at risk screws were found to be in the ulnar and radial columns. 25 Additional fluoroscopic imaging techniques such as the DTV may help detect these screws not seen on traditional lateral images because of Lister tubercle and dorsal cortex comminution. We recommend supplementing traditional fluoroscopic views with the DTV and oblique views to examine the screw-bone interface of the dorsal cortex and exchanging screws appropriately. The DTV was insufficient at detecting prominent screws in all dorsal compartments. Distal screws should be intentionally 2-4 mm shorter than measured to reduce the incidence of prominent hardware.
